immune system avails itself of several other mechanisms, which take place in the periphery (peripheral tolerance), to control potentially autoreactive T cells, which escaped the checkpoint of central tolerance. Among these mechanisms, the action of regulatory T (Treg) cells, which can be either selected in the thymus (tTreg) or induced in the periphery (iTreg), is one of the most studied. Treg cells are essential to control autoreactive T cells, which can react to self antigens and cause damage to the host. The key role of Treg cells in the peripheral immune response is evident in murine models [1] and in humans [2] . Scurfy mice [1] and IPEX (immunodysregulation polyendocrinopathy enteropathy X-linked syndrome) patients [2] lack the master transcription factor of Treg cells, Foxp3, and consequently develop strong autoimmune disorders. Importantly, a severe form of autoimmune enteropathy is characteristic for scurfy mice [1] and IPEX patients [2] . This underscores the importance of Treg cells for the control of the immune response against self antigens in the intestine. However, the intestine is not only a source of self antigens, but also contains a vast collection of non-self antigens, such as commensal bacteria, which can promote the activation of naïve T cells that causes immune pathology such as inflammatory bowel disease (IBD). It is therefore crucial for the immune system to establish a second checkpoint where naïve T cells, which are potentially able to respond to non-self antigens, are re-educated to be tolerant. If the thymus is the "bank" of self antigens, we propose the intestine to be the "shopping mall" of non-self antigens. Interestingly, it was shown that naïve T cells can go to the intestine and upregulate Foxp3 (iTreg), thereby acquiring a regulatory function. However, an important piece of knowledge was still missing: are these iTreg cells generated against self or foreign antigens derived from the commensal bacteria? The study by Lathrop et al. [3] answered this question, showing that iTregs are indeed induced by TCR recognition of commensal antigens. In turn they suggest the intestine as the key organ for the induction of peripheral tolerance.
First, Lathrop et al. [3] found that Treg cells and effector T cells in the intestine express very different TCRs from each other, which were in turn different again from the TCRs of T cells in other organs. These data suggested that the colonic T cell population is strongly shaped by the local antigens in the intestine. In fact the authors next demonstrate that many of these local antigens are derived from intestinal bacteria, which could be passed between mice. One caveat of these experiments was that tTreg cells, which had been selected in the thymus, could have been expanded in the intestine due to cross-reactivity to microbial antigens. However, the authors found that a substantial population of Treg cells npg present in the colon was induced in the periphery (iTreg) due to antigen-specific interactions with the colonic microbiota, whereas a minority of Treg cells was of thymic origin (tTreg). Based on these results one would expect that germ-free mice, which do not have bacteria in the intestine, have reduced numbers of Treg cells in the colon. However, this was not the case [3] , and one possible explanation for this controversy would be that tTreg cells compensate for the paucity of iTreg cells in the colon of germ-free mice. In line with this hypothesis, the authors found that Treg cells in the colon of germ-free mice expressed higher levels of the transcription factor Helios, which is preferentially expressed by tTreg cells [4] . Therefore, it seems that iTregs are differentiated from naïve T cells in the colon due to TCR interactions with bacteria-derived antigens [3] , but interestingly, their absence can still be compensated by tTregs.
These data shed light on complex mechanisms, which maintain immune homeostasis in the intestine. Considering the amount of self and non-self antigens present in this organ and therefore the potential to generate an unwanted immune response, different players are required, which can team up or partially compensate for each other in order to control the "sleeping volcano". The first one is a specialized subset of dendritic cell (DC), which, through the release of TGF-β and retinoic acid, is able to induce iTreg cells [5] , which represent the second players. It is known that naïve T cells migrate to the intestine in order to acquire an iTreg cell phenotype [6, 7] . Now, thanks to the work of Lathrop et al. [3] , we know that these iTreg cells have a TCR repertoire, which is specific for an individual microflora. Based on these results one could hypothesize that iTreg cells have an advantage over tTreg cells (the third player), which are also present in the intestine, but are apparently not bacteria specific. However, Geuking et al. [8] have recently shown that after recolonization of germ-free mice with Schaedler flora, tTreg cells can also become activated in the intestine. In line with that, the expression of an innate immune receptor, such as TLR-2, on Treg cells is key for the activation of these cells and the control of the immune response in the intestine [9] . Moreover, it is known that tTregs and iTreg supplement the function of each other, in part by expanding TCR diversity [10] . In line with this, Lathrop et al. [3] have shown that effector/ memory T cells and iTreg cells have a very different TCR repertoire, suggesting that effector and regulatory T cells are not activated by the same bacterial antigen. Finally, elegant work by Zheng et al. [11] showed that mice do not develop spontaneous diseases in the absence of iTreg cells, and interestingly, under these circumstances Tr1 cells, a distinct subset of regulatory T cells characterized by the production of IL-10 (the fourth players), are expanded. Consistent with this, our group has recently demonstrated that Tr1 cells and Treg cells can compensate for each other to suppress effector T cells in the intestine [12] . In conclusion, commensal antigens in the gut are important to re-educate naïve T cells, which recognize these antigens with their specific TCR, but there are several other regulatory players in the intestine with different antigen specificity, which can at least partially compensate for each other (Figure 1) .
A growing body of evidence proposes a similarity between the intestine and the thymus for instructing the immune system. However, important differences between the two exist. The driving force for the selection in the thymus is the affinity of TCRs to MHC, while the flora and cytokines are crucial to determine the fate of a naïve T cells in the intestine. One cytokine milieu triggered by TCR-mediated recognition of bacterial antigens might lead to the differentiation of iTreg cells, which are protective in IBD [8] . However, another TCR trigger in the presence of different cytokines will initiate the differentiation of effector T cells, which potentially causes IBD. Accordingly different commensal bacteria can selectively drive a tolerogenic or proinflammatory response. For example, segmented filamentous bacteria (SFB) promote the differentiation of Th17 cells [13] , but Schaedler flora [8] induces the expansion and activation of Treg cells. In line with this, the data by Lathrop et al. [3] together with studies from other groups [13] [14] [15] suggest that the bacterial composition of the intestine has a substantial impact on the balance between proinflammatory and Treg cells primarily in the intestine, but secondarily also in other organs like the brain [14] . One example is that mice lacking an innate sensor, which controls the intestinal microflora, are more susceptible to develop colitis [13] . Another example for such an influence of the microflora on the immune response is that the bacterial colonization differs between neonates born vaginally or by cesarean delivery, and interestingly, these differences have been linked to an increased risk for atopic diseases such as allergic rhinitis and asthma in children born by cesarean delivery [16] .
It was believed that an individual's T cell population is instructed by classical self/non-self selecting mechanisms during thymic development. However, Lathrop et al. [3] showed that in addition to the thymic selection process, T cells can be educated in the periphery particularly in the intestine to accommodate a variety of non-self antigens derived from commensal microbiota ( Figure 1 ). These data suggest a new model in which naïve T cells express bacterial antigen-specific TCRs. Encounters with these bacteria-derived foreign antigens in the colon and potentially other organs with mucosal surface can then drive the differentiation of regulatory iTreg cells or proinflammatory effector T cells, dependent on the bacteria and the environmental milieu. Targeting the intestinal microflora and the environmental milieu in the intestine might lead to new therapeutic strategies for human autoimmune diseases.
